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Most cases of pyelonephritis in man are caused by the coliform group of
bacilli. This infection cannot be produced in normal animals even when
large numbers of the bacteria are inoculated into the blood stream or into
the urinary passages. Pathogenic staphylococci, on the other hand, when
inoculated by the intravenous route, are capable of infecting the normal
kidney, causing multiple abscesses in all zones of the kidneys."6 The path-
ological lesion of staphylococcal pyelonephritis is characterized early by
abscess formation and late by the presence of large scars and gross de-
formities.
In 1956 deNavasquez made the significant observation that rabbits which
had recovered from staphylococcal infection of the kidneys had now become
susceptible to hematogenous pyelonephritis due to E. coli or Pseudomonas
pyocyanea.' His studies showed that the bacillary pyogenic infections
tended to develop in areas previously damaged by staphylococci, in and
around tubules partially obstructed and distended by the scars. The work
reported here was undertaken in an effort to learn more about the way in
which localized injury of kidney parenchyma may affect its susceptibility to
coliform bacterial infection. Instead of a preceding staphylococcal infection,
lesions wereplaced selectively by means of an electric cautery. A preliminary
note has appeared elsewhere.8
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MATERIALS AND METHODS
Except where specified, the materials and methods were the same as described in
preceding articles in this series.-8
Production of the renal scar. The cautery tip was a fine insulated wire attached to
one of the electrodes of a Davis-Bovie Electro Surgical Unit (The Liebell-Flarsheim
Co.). Approximately 2 mm. at the tip of this wire was uncovered. The instrument was
set at 25 volts, and the time allowed for heat coagulation to occur was 1-2 seconds.
Procedure: Animals were anesthetized by intravenous administration of 30-50 mg.
of pentobarbital sodium in sterile saline. Supplementary ether inhalation anesthesia was
employed when needed for adequate relaxation. For technical reasons the left kidney
was the one selected for injury in all experiments. An electrode was placed beneath this
side of the animal, in the lumbar area. With an electric clipper the hair of the
abdomen was removed, and the operative site cleansed with 70 per cent alcohol. After
gentle palpation of the kidney, a 5-cm. incision was made over it, and the organ
delivered into the operative wound. Cortical injury was produced by inserting the
cautery only to the depth of the uninsulated portion of the cautery. To injure the
papilla the caiitery wire was inserted into the anterior surface of the kidney 1.3 cm.
medial to the outer margin, midway between the upper and lower poles, to a depth
of 1.3 cm. Injury of the medulla, but not in the papilla, was accomplished by inserting
the cautery as just described, but 0.5 cm. below the midzone.
After producing one or more areas of injury, the wound was closed, using silk
sutures for the peritoneum and muscles, and metal clips for the skin. Merthiolate
solution (1/1000) was applied over the surgical wound.
Removal of kidney for bacteriological and pathological studies. Under pentobarbital
anesthesia, the abdominal wall was cleansed with 70 per cent alcohol. Using sterile in-
struments, the abdominal wall was opened by a large incision and kidneys were well
visualized. After collecting urine and blood in some cases, kidneys were removed and
put in sterile Petri dishes for close macroscopic examination and sectioning. With
sterile gauze and a sterile (Virchow) brain knife, a midline longitudinal section was
made. Half of the kidney was placed in a Ten Broeck grinder or a tube of a "Pre-
cision" homogenizer, and ground in 9 ml. of nutrient broth (Difco) until a smooth
suspension was obtained. Serial ten-fold dilutions in nutrient broth were then carried
out, and pour plates were made according to the expected number of organisms. Plates
were incubated for at least 48 hours and the numbers of colonies were recorded.
Confirmation of the presence of E. coli was made by sub-culturing some coloni-
desoxycholate agar, Kligler's iron agar, and Simmons' citrate agar (Difco). The
remaining half of the kidney was fixed in 10 per cent formol for microscopic sections.
Urine culture. Immediately after opening the abdominal cavity a small quantity of
urine was aspirated through the bladder wall, under aseptic conditions. One loopful of
this was streaked on a blood agar plate and another on desoxycholate agar. In some
cases, serial dilution of the urine was carried out in nutrient broth, and pour plates
were made for the final bacteriological count. Organisms present in the plates were
identified as already described.
Blood culture. In some cases, blood cultures were taken by direct heart puncture
before any manipulation of the kidney or bladder of the animal. Blood was also obtained
at times from a marginal ear vein which had had no previous bacterial injection. Blood
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agar pour plates were prepared, containing 1 ml. of blood. These were incubated for
48 hours, before counting the colonies of bacteria. Identification of any bacterial growth
was by the usual methods.
EXPERIMENTAL
Relation of site of injury to susceptibility to infection. (a) Cortex. By
inserting the cautery wire to a depth of about 2 mm. it was possible to
produce an area of coagulation necrosis 2-4 mm. in diameter in cortical
TAntT 1. CoxRcAL LEsIoNs
Rabbit
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
No. of
lesions
10
20
20
20
1
1
10
20
20
20
20
20
20
Time between
injury and
injection of
bacteria
1 week
IV
it
,,
2 weeks
it
6e ,,
,,
6 wees
,.
,,
Colonies E. coli
Bladder urine
Lt. kidney Rt. kidney (per ml.)
0
0
0
0
105
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
104
0
0
0
0
0
0
0
0
Results of bacteriological examination of kidneys and bladder urine one week after
intravenous injection of E. coli in rabbits with cautery lesions of the cortex. (The
lesion in rabbit No. S was found later to be located in the upper portion of the medulla
and was not confined to cortical tissue.)
tissue. This was done in several experiments involving, in all, 13 rabbits.
In most of them 10 to 20 lesions were produced in the same kidney. The
appearance of such cortical lesions is shown in Figures 1 and 2. After an
Anterval of 1 to 6 weeks the bacterial inoculation was then given intra-
venously. One week later both kidneys were removed and examined for the
presence of infection. The results are given in Table 1. It will be seen that
none of the normal kidneys became infected, and only 1 of 13 (No. 5) of
those with cortical scars did. In this one animal, it was later evident upon
microscopic examination of the tissue sections that the lesion had errone-
ously been placed in the medulla.
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It seems possible to conclude, then, that multiple injuries of cortical tissue
do not affect the susceptibility of the kidney to this kind of infection.
(b) Medulla. In an initial series of tests, single medullary lesions were
produced in 23 animals, 6 in the papilla, the remainder toward the lower
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Results of bacteriological examination of kidneys and bladder urine one week after
the intravenous injection of E. coli in rabbits with cautery injuries of the medulla.
+ denotes positive culture but quantitative estimate not made.
pole of the kidney. After intervals of 7 to 14 days, injections of bacterial
culture were given, and 7 days later both kidneys were examined for the
occurrence of infection. The results are given in Table 2, where it is shown
that significant numbers of bacteria, i.e., 10' or more, were found in 18 of 23
animals. Infection of the contralateral kidney had also occurred in 3 of
the 18.
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Volume 30, Abril 1958FIG. 1. The appearance of four separate areas of injury to the cortex. The lesions are
14 days old. There is disorganization of cortical structure with the early formation of
surface depressions.
FIG. 2. A magnification of one of the lesions seen in Figure 1 showing the border
between injured (left) and normal cortex. In the area of injury there is minimal
lymphocytic infiltration. Necrotic tubules are still recognizable structural units.FIG. 3. Distribution of infection when cautery injury is placed in the center of the
renal papilla. Note collection of abscesses across the mid-zone of the cortex one week
after the introduction of E. coli intravenously. The infected portion of kidney bulges
above the level of normal kidney.
FIG. 4. Distribution of infection when cautery injury had been placed in the medulla
toward one pole of the kidney. Note collection of abscesses over that entire portion at
one week.FIG. 5. Cut section illustrating distribution of a 7-day infectioni. Site of cautery injury
appears as a roughly circular necrotic area in the medulla toward the left. Radiating
out from this through the outer medulla are alterniatinig light alld(dark streaks. The
correspondinig portion of the cortex is pale and swollen, clue to necrosis and abscess
formation.
FIG. 6. Th.e "initrarenal hydroniephrosis" caused by cautery inijury in the mle(lulla.
Actual site of iniury is at the dlefect in tip of p)apilla, upl)er left. This lowv power
magniification shows the al)rupt transitioni between affected anid nioniaffected areas of
renial substanice 7 days after the injury.FIG. 7. Microscopic view showing cautery injury at base of papilla and, radiating out
from it, a wedge-shaped area of dilated tubules in which there are many confluent-
abscesses.
FIG. 8. Kidney with pieces removed to determine the site of earliest bacterial growth.
There is a small amount of hemorrhage visible in the medulla at the right indicating
the site of previous injury.Experimental pyelonephritis I ROCHA, GUZE, FREEDMAN, BEESON
In the course of subsequent experiments, designed to study other prob-
lems, additional animals were subjected to medullary injury followed by
inoculation of bacterial culture as outlined in the preceding paragraph. The
total experience included 65 rabbits. Of 26 with single lesions in the papilla,
21 became infected; of 39 with lesions in the medulla near one pole, 35 be-
came infected. Thus about 85 per cent ofkidneys with small cautery injuries
in medullary tissue were found to be susceptible to hematogenous infection
with E. coli. In only one instance in this latter group was the contralateral
kidney also found to be infected, but in most ofthese experiments thekidneys
were examined 24 to 72 hours after the intravenous inoculation, and this
short time interval may have limited the opportunity for infection to develop
in the normal kidney. This subject will be considered in the Discussion.
Gross appearance of infection associated with injury of the medulla. The
presence of infection could usually be ascertained by inspection of the ex-
ternal surface of the kidney as early as 36-48 hours after injection of the
bacteria. By that time clusters of small yellow, slightly raised areas of
purulent exudate were visible beneath the capsule. These usually were 1-3
mm. in diameter and occasionally were coalescent. The distribution of the
abscesses was in relation to the location of the cautery injury. In the case of
centrally placed lesions they tended to fan outward to the lateral margin as
shown in Figure 3; whereas with lesions located in the medulla near the
lower pole they were located over that part of the kidney as shown in
Figure 4. The area of gross infection was always sharply defined, and there
was little or no tendency for it to spread into neighboring areas. Examina-
tion of a cut section of the kidney during this acute phase of the infection
usually showed a small yellow-white necrotic area in the medulla or papilla,
the site of the cautery injury. Radiating out from this toward the surface
of the kidney was a wedge of infection corresponding in distribution to the
nephrons whose collecting system had been injured by the cautery. The
infected area was swollen, as evidenced by some bulging beneath the capsule
and a tendency for its cut surface to stand above the level of adjacent tissue.
The characteristic appearance was alternating yellow and red streaks in the
medulla, radiating out to the inner cortical zone; beyond this in the outer
cortex there were collections of yellow material-the abscesses visible on the
surface of the kidney. This is illustrated in Figure 5. Spread of the infection
to perirenal structures was never observed.
Microscopic appearance of the lesion. The local area of injury caused by
the cautery, as shown in Figures 1 and 2, consists of simple coagulation
necrosis. Medullary injury, however, has a secondary effect which may be
of prime importance in connection with its enhancement of susceptibility to
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infection: obstruction of the tubules proximal to it. This is illustrated in
Figure 6, where the zone of "intrarenal hydronephrosis" associated with
medullary injury is shown to border an area of normal tubular architecture.
The histological findings in the presence of infection are characterized by
collections of polymorphonuclear leukocytic exudate within and outside of
the tubules and, in the affected portion of the cortex, the occurrence of
necrosis and abscess formation. The entire acute process is illustrated in
Figure 7, a low-power magnification.
TAN 3. INIIAL GRowT¶ OF ORGANISMS
Rabbit
No. 1 2 3 4
UpWe cortex 101 105 102 102 pole
(normal) medulla 102 100 104 102
Left
Lower medulla 104 107 108 102
pole
(cautery COrteX 102 106 104 108
minury)
Right Whole lddney 102 102 103 108
Bacteriological examination of lddneys 12 hours after intravenous injection of E. coli
in rabbits with medullary injury on the left. The kidney was sectioned, as shown in
Figure & Bacterial coumts are expressed as colonies E. coli/100 mg. of kddney.
Infection does not appear to have taken place in Rabbit No. 4.-
Site of earliest bacterialgrowth. Experiments were designed to determine
the site of initial bacterial multiplication in kidneys with medullary injury.
After the usual interval of 7 days following cauterization of the medulla, the
infecting dose of bacteria was given intravenously. Twelve hours later the
kidney was removed, and four pieces of it were excised, weighed, and
cultured quantitatively. One of these was from the medulla in the region of
the cautery injury. A second was from the cortex tributary to the area of
injury. The other two were from comparable sites at the uninjured pole of
the kidney. Figure 8 illustrates these sites. The results of the first 4 experi-
ments are given in Table 3. Apparently infection was not developing in one
of the animals (No. 4). In the other three, however, the noteworthy finding
is that the highest bacterial counts were found in the medulla in the region
of the preceding injury, indicating that growth of bacteria either begins first
or proceeds more rapidly there.
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A second series of experiments was carried out to obtain further informa-
tion on this point, shortening the time interval to 6 hours after the intra-
venous inoculation, and employing a different means of medullary injury
which had been found to be associated with a similar effect on susceptibility.
In this case, instead of a cautery injury, 0.1 ml. sterile saline was injected
into the lower pole medulla, and the bacterial inoculum was injected intra-
venously at the conclusion of the operative procedure. Samples of kidney
tissue, similar to those described in the preceding experiments were tested
TABLE 4. INITIAL GROWTH OF ORGANISMS (CONT'D)
Rabbit
No. 1 2 3 4
Upper
pole cortex 104 102 101 102
(normal) medulla 106 10 104 104
Left
poler medulla 106 106 105 106
(saline cortex 108 104 104 103
inj'ection) 10 10 1010
Right Whole kidney 102 102 102 102
Bateriological examination of kidneys 6 hours after ntrave injection of E. coli
in rbbits with 0.1 ml. sterile saline injected into the lower pole medulla on the left
The kidney was sectioned, as shown in Figure 8. Bacterial counts are expressed as
colonies E. coli/25 mg. kidney. In Rabbit No. 1 a hematoma was found in the center
of the medulla at the site of the injection. This may account for the large number of
organisms found in the medulla of the upper pole.
for bacterial content. The results are shown in Table 4. Again the findings
indicate that bacterial multiplication begins first in the medulla near an area
of injury.
Course of the infection. Because the main interest in these studies was on
the factors which influence the inception of infection in the kidney, a sys-
tematic study of the outcome has not been made. Some animals were,
however, maintained for 4-8 weeks after inoculation of the bacteria. The
bacteriological findings in these are shown in Table 5. It will be observed
that the infection had a tendency to "burn out," and that comparatively few
bacteria were recovered, especially in the group allowed to go 8 weeks after
infection. Of interest is the fact that the numbers of bacteria persisting in
bladder urine were often greater than those found in the substance of the
kidney.
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The gross appearance of the lesions at 4-8 weeks was characterized by
scarring and contraction in the affected zone. In some specimens there was
hiydronephrosis of the entire renal parenchyma, which is of interest in view
of the fact that no primary injury or obstruction to the ureter had been done.
Possible explanations are: (a) sloughing of necrotic tissue from the medulla
may produce ureteral obstruction; (b) ureteritis may give rise to obstruc-
TABLE 5. CHRONIC INFECTION
Time from Colonies E. coli
Rabbit injection of Bladder urine
No. bacteria Lt. kidney Rt. kidney (per ml.)
1 4 weeks 101 0 +
2 " 0 0 0
3 " 102 0 >105
4 " >10T 0 >107
5
Po 0 0 0
6 " 104 0 +
7 6 weeks 103 0 107
8 "0 0 0
9 "0 0 0
10 " 102. 0 >105
11 " 102 0 >106
12 0 0 0
13 " 103 0 107
14 8 weeks 101 0 0
15
it 0 0 0
16 ° 0 0 0
17 " 0 0 0
18 0 0 0
Bacteriological examination of kidneys and bladder urine at 4, 6, and 8 weeks after
the intravenous injection of E. coli into rabbits with cautery injury in the left renal
medulla.
tion; or (c) previously uninvolved collecting ducts may be distorted by the
formation of scar tissue around the original injury, with consequent retrac-
tion of the papilla and appearance of hydronephrosis.
Infection of the utrine. In the course of many experiments, in rats as well
as in rabbits, the experience in this laboratory has been that intravenously
injected coliform bacilli are not excreted into the urine by normal kidneys.
Cultures of bladder urine during the first 6 hours after the intravenous
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inoculation of bacteria have not yielded E. coli, nor were they found in
occasional tests at later periods.
In the presence of a medullary lesion, when infection is developing in the
kidney, bacteria appear in the bladder urine soon after the intravenous
injection. In a group of 7 animals with medullary lesions, examined 12
hours after the intravenous injection, positive cultures were obtained from
TABLE 6. INFECTION OF KIDNEY VIA BLADDER URINE
Time from
Rabbit injection of Colonies E. coli
No. bacteria Lt. kidney Rt. kidney
1 7 days >107 0
2 " 0 0
3 " 0 0
4 " 102 0
5 " 106 0
6 " 0 0
7 " >10w 0
8 " 0 0
9 10 days >105 >108
10 " >105 0
11 "0 0
12 " 0 0
13 " >105 0
14 " 104 0
15 11 days 0 0
16 " 0 0
17 21 days 0 0
18 " 0 0
19 " >107 0
20 " >105 0
Bacteriological examination of kidneys following the inoculation of E. coli into the
bladder of rabbits whose left renal medulla had been injured 7-10 days previously.
bladder urine in 5. Obviously then, in the presence of a medullary lesion,
when infection is beginning to occur in the substance of the kidney, bacteria
readily gain access to the renal pelvis and lower tract.
Introduction of bacteria by way of the bladder urine. An experiment was
performed to determine whether kidneys with medullary injury would
become infected if the bacterial inoculum were placed in the bladder urine
instead of the blood stream. Cautery injuries were established in the usual
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manner in the left kidneys of 20 rabbits, either in the papilla or elsewhere in
the medulla. One week later the standard inoculum of bacterial culture was
injected into the bladder cavity at laparotomy. After a further time interval
of 1 or 3 weeks the kidneys were examined for presence of infection. The
results are given in Table 6. It was found that large numbers of bacteria
and gross appearance of infection had occurred in the left kidneys of 9 of the
20 animals. It appears, then, that in the presence of medullary injury,
bacteria introduced into the lower urinary tract may succeed in establishing
pyelonephritis which is in every way similar to that produced by intravenous
inoculation of these organisms.
Occurrence of bacteremia in this form of pyelonephritis. Blood cultures
were made on 38 animals with medullary scars at varying intervals after the
intravenous inoculation of the colon bacilli. Bacteremia was demonstrated
in 10 of 12 cases within 24 hours of the inoculation. This, however, is the
usual finding in the case of normal animals given the same inoculum intra-
venously. Blood cultures were negative in the remaining 24 tests done
between the second and seventh days, despite the fact that acute pyeloneph-
ritis was present in the majority of the animals.
Tests for occurrence of spontaneous infection in animals with medullary
injury of the kidney. Twelve rabbits subjected to cautery injury of the
medulla were not given an inoculation of bacteria by any route, and then
were examined for evidence of development of infection in the injured
kidney. The interval between injury and cultural examination was 10 days
in 4, 4 weeks in 4, and 6 or 8 weeks in 2 each. Cultures of both kidneys and
bladder urine were sterile in every case.
DISCUSSION
The findings in these experiments, in which small areas of injury were
placed in selected areas ofkidney substance, show an unmistakable difference
between cortical and medullary tissue. Even when 10 to 20 lesions were
placed in the cortex, there appeared to be no effect on susceptibility to
infection with E. coli introduced via the hematogenous route, whereas a
single lesion in the medulla caused infection to "take" in approximately 85
per cent of instances.
The different effect of cortical and medullary lesions makes it seem un-
likely that the role of the cautery injury is simply the production of an
avascular focus of necrotic tissue in which bacteria can multiply, protected
from cellular or humoral defense mechanisms.
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The fact that the medullary lesion obstructs the drainage of a group of
nephrons brings up the possibility that prevention of excretion of bacteria
from this portion of the kidney may be responsible for the development of
infection there. This requires a review of the role of the kidney in the
disposal of bacteria injected into the blood stream. It should be pointed out
first that the kidney is not effective as a "trap" for bacteria which gain
entrance to the circulation. In our previous study in rats7 it was found that
only about 1 in 10,000 of the organisms injected intravenously lodged in the
kidney. The findings in the present studies indicate that the rabbit is com-
parable. Furthermore, as already described, no evidence has been obtained
in these studies, or in those of some others,' that bacteria carried to the
kidney in the blood are excreted via the tubules and the urinary passages,
unless, as in the case of staphylococci, they are capable of setting up an
infection in the normal kidney. It seems unlikely, therefore, that the effect
of medullary lesions in enhancing susceptibility to infection is through pre-
vention of excretion of bacteria by that segment of the kidney. On the other
hand it is reasonable to suppose that once bacterial multiplication has begun,
the spread of infection within the area is facilitated by the existence of
obstruction of tubular drainage and the ability of organisms to multiply in
the contents of these obstructed nephrons.
Theview that medullary lesions enhance susceptibility to infection because
they obstruct tubular drainage is difficult to deny. Several possible mechan-
isms for this suggest themselves. DeNavasquez was of the opinion that in
the presence of "intrarenal hydronephrosis" there was a "slowing of the
circulation and consequent trapping of the circulating bacteria."' This
hypothesis seems unlikely to us. In previously reported studies7 even in the
presence of complete ureteral obstruction and severe hydronephrosis there
was no significant increase in number of bacteria deposited in the kidney
during the early phaseof the bacteremia, as compared with the contralateral,
unobstructed organ. Another possible mechanism is local increase in hydro-
static pressure. This could affect the inflammatory response to infection,
diapedesis of leukocytes, or the lymphatic circulation in the area. Another
factor which may have much to do with the relation between tubular obstruc-
tion and susceptibility to infection is the chemical alterations which must
take place in such an area, inside the cells as well as in the fluids in and
around the tubules.
The evidence obtained by culturing small pieces of kidney tissue early in
the course of the infection, i.e., 6 to 12 hours, seems to indicate that growth
of bacteria proceeds much more rapidly in medullary tissue than in the
corresponding cortical area. Indeed, it seems possible that the cortical
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abscesses are secondary to heavy initial growth in the medulla, that is, they
develop as an extension of medullary infection. Experiments which may
shed light on this possibility are in progress.
The results of the experiments in which bacteria were introduced into the
bladder urine seem of special pertinence to the problem of pyelonephritis in
man. There is good cause to support the belief that many, perhaps most,
cases of human pyelonephritis are the result of infection which reaches the
kidney from the lower urinary tract.2 It appears from the present studies
that bacteria growing in the bladder urine may be capable of reaching the
kidney and establishing an infection there, provided that the kidney has been
rendered susceptible, as by a lesion in the medulla. The pathway by which
they travel to the kidney is not established; it could be by way of lymphatics,
blood stream, or ureter. The important point to be stressed, however, is that
infections developed in the kidney following inoculation of bacteria into
bladder urine.
Perhaps related to the foregoing is the fact that occasional infections were
encountered in the ncormal, contralateral kidney within a 2-week period
following establishment of this form of experimental pyelonephritis. This
too is in accord with observations of pyelonephritis in man, which often
appears to begin in one kidney but tends to become bilateral eventually. In
view of the rare demonstration of bacteremia and the usual occurrence of
heavy bacteriuria in naturally-occurring or experimental pyelonephritis, it
seems likely that infection of a kidney via upward spread of infection in the
ureter is possible. Conceivably, the coliform bacterial infections of pre-
sumably normal kidneys observed in rare instances in these experiments
were the result of heavy and continuous seeding of infection from elsewhere
in the urinary tract. Unfortunately, gross evidence of this infection was not
detected at the time the kidneys were removed, and the existence of large
numbers of bacteria in them was only recognized when the results of the
cultures were obtained. These are the only instances we have encountered
of infection with this strain of E. coli in the uninjured kidney of the rabbit.
In the acute experiments described here one of the most impressive find-
ings was the observation that acute pyogenic infection tended to remain
confined to the area of the kidney affected by the medullary lesion, in spite
of the fact that the urine in the pelvis of the kidney teemed with bacteria.
In the acute stage, at any rate, there seems to be little tendency for unob-
structed portions of the kidney to become infected, either by way of lateral
spread in the kidney substance or from the pelvic urine.
The high degree of susceptibility to infection in the kidney with complete
obstruction (due to ligation of the ureter) or with complete obstruction of a
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segment (due to a medullary lesion) is of interest in connection with our
results in animals with partial ureteral obstruction where infection developed
in only about 1 of 5 instances' in spite of the fact that there was severe
ureteral, calyceal, and tubular obstruction and stasis of urine flow. The
explanation for this difference in susceptibility is not apparent at the present
time.
SUMMARY
Coliform bacteria, although commonly associated with clinical pyelo-
nephritis, are incapable of establishing pyelonephritis in experimental ani-
mals when injected intravenously and are not excreted into the urine. It
was found that injury to the renal medulla of the rabbit followed by intra-
venous inoculation of E. coli led to acute pyelonephritis in approximately
85 per cent of instances, whereas similar lesions in the cortex were without
that effect. Spontaneous development of infection in kidneys with medullary
injury was not observed.
The infection established in a kidney after injury to the medulla is an
acute pyogenic process which remains confined to a wedge-shaped area
including that portion of cortex which excretes urine through the area of
injury. There appears to be no tendency for it to spread into adjoining parts
of the organ. The acute infection subsides after several weeks, leaving an
area of extensive scarring. The bladder urine may contain large numbers of
bacteria at a time when they are no longer demonstrable in the kidney.
Studies ofthe initial phases of this infection indicated that bacterial growth
could be detected in the medulla near the area of injury earlier than in the
corresponding part of the cortex. By the end of 24-36 hours all parts of the
kidney substance tributary to the area of injury were heavily infected. The
presence oforganisms in the urine was detected within a few hours after the
onset of the acute renal infection. Bacteremia, on the other hand, could not
be demonstrated to persist longer than would be expected as a result of
intravenous administration of these bacteria in normal animals.
It was also possible to produce kidney infection in the presence of medul-
lary injury when organisms were introduced into the bladder urine. The
incidence of positive results was about 50 per cent, and the lesions were
similar to those resulting from infection by the intravenous route.
In rare instances there was evidence that heavy bacterial growth had
taken place in the contralateral, uninjured kidney, some days after acute
pyelonephritis, with its attendant bacteriuria, had been established in one
kidney.
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The means by which medullary injury increases the susceptibility of
kidney tissue to bacterial infection is thought to be related to obstruction of
collecting tubules, but the exact mechanism of this is not obvious.
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